Abstract. We present observations from Voyager 2 of CIRs and merged CIRs in the outer heliosphere.
INTRODUCTION
Observations from Voyager 2 near 5, 43, and 52 AU show e ects related to CIRs and merged CIRs in the plasma, magnetic eld, low energy protons (0.52 to 1.45 MeV), and >70 MeV ions. Figure 1 illustrates what might be considered to be a classic CIR near 5 AU. The CIR is bounded by forward and reverse shocks generated by the interaction of solar wind streams of di erent speed. Note the sharp increases in speed, density, temperature and eld magnitude as the forward shock passes over the spacecraft. The plasma number densities (N) have been multiplied by the square of the distance from the Sun (in AU). At the second abrupt change, there is another sharp increase in speed but decreases in the other parameters as the reverse shock passes over the spacecraft. This CIR may not be a simple structure: there are several changes in the plasma parameters within it.
The speed of the forward shock (relative to the 410 km/s slower wind) is about 70 km/s in this example, therefore it will eventually catch up with the reverse shock from the previous solar rotation. The shocks interact and form a more complex interaction region known as a`merged interaction region' (MIR). This CIR may not be a simple structure: there are several changes in the plasma parameters within it.
The sixth panel shows a quantity whose log is proportional to the speci c entropy (T/ p N). As discussed by Intriligator and Siscoe (1) an interface between two streams should show a sharp increase in speci c entropy; this CIR shows at least two such increases. Perhaps this CIR has already become a MIR.
The next panel down shows the E/W and N/S components of the plasma bulk ow. A change in ow angle should occur at an interface. Two changes (near the beginning of day 139 and 141 seem to be coincident with entropy increases.
The second from the bottom panel shows low energy proton uxes from the LECP experiment (T. Krimigis, P.I.). They show a classic pattern: the uxes peak near both shocks, where the protons undergo local acceleration, and have a minimum between them. (See (2) and references therein.)
The bottom panel shows the higher energy cosmic ray ux from the CRS experiment (E. Stone, P.I.). The counting rate decreases after the CIR passage due to the`sweeping' e ect of the compressed magnetic eld in the CIR. See a description of such Forbush-like decreases in (3) .
The pair of shocks associated with a CIR reduce the speed di erence between the streams, but the denser and hotter shocked plasma and the enhanced eld continue to propagate outwards into the heliosphere. Figure 2 shows a series of sharp, shock-like increases in solar wind speed observed from Voyager 2 near 45 AU. This sequence of recurrent structures exempli es the complex structures seen in the distant heliosphere. The vertical lines are drawn at the times of rapid jumps in speed (as determined from one-hour averages of the parameters). The changes in density are hard to resolve, but the structures look very much like forward shocks. Detailed examination of the eld and plasma parameters shows that in only half the cases do all the parameters jump at the same time; tracking gaps make it di cult to be sure that all the features were observed, thus the features should be characterized as`shock-like'. At this distance, adjacent CIRs combine to form a co-rotating, merged interaction region (CMIR). The CMIRs nearer to the Sun seem to be bounded generally by forward/reverse shock pairs, but at this distance the reverse shock was absent. Burlaga et al. (4) suggest that the forward and reverse shocks of an MIR coalesce to form single, forward and reverse shocks at this distance. The structures we observe most clearly are similar to forward shocks, though there may be less-obvious reverse shocks present. It is interesting that the lower energy proton uxes now peak after the increases in solar wind speed. At times, the sharp decreases in the ux data correlate well with thermal speed structures between the speed increases. The density structures are less well correlated. A series of shock-like increases in speed were observed and vertical, dashed lines indicate the most obvious increases. The plasma density and thermal speed increases are correlated with the speed increases for about half of the called-out times. Most increases appear to be similar to forward shocks. The magnetic eld data are seriously compromised by noise, and only the best data are plotted.
In Figure 3 we show data from 1997. the speed jumps are even smaller, and correlated, shock-like changes in the other solar wind parameters are even harder to discern. The magnetic eld data from this period of time are not available due to noisy spacecraft conditions. Flux increases in the 0.52 to 1.45 MeV protons do not appear to be relate to speed increases after the rst third of the year. That may be related to the relatively featureless wind that continues until the last quarter of 1998. On the other 
COMMENT
Some of the phenomena observed in the outer heliosphere are signi cantly in uenced by the presence of picked-up protons resulting from charge exchange reactions between the solar wind and interstellar neutral hydrogen atoms. In a simulation of shock propagation in the outer heliosphere including e ects of pickup ions, (5) nd many features similar to the ones described here: more complicated velocity, density, and temperature structures compared to those expected in a heliosphere without pickup ions. Not all the features described in our observations are explained, but it is very clear that account must be taken of the presence of pickup ions.
SUMMARY
Based on Voyager 2 observations in the outer heliosphere, the CIRs continue to a ect the plasma, eld, and particles; but that in uence becomes more complex at large distances. Some of the observations presented here may be the result of Voyager 2 being nearly 20 south of the heliospheric equator by the end of 1997. Nevertheless there is a clear progression from a simple pair of shocks surrounding the interface between streams to a more complex and less clear structure at 50 AU. The presence of pickup ions must exert a strong in uence on the observed parameters. The energetic particles are still a ected by the abrupt rises in speed as they pass by.
